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	 ALS	Patient	 Control	 χ2/t/U-value	 Patient	vs	
Control	p-
value	
Gender	(Male/Female)	 20/10	 13/16	 χ2	=	2.85	 .09	
Age	(mean,	SD)	 63.6	(12.0)	 64.0	(11.5)	 U	=	424	 .87	
Years	of	Education	(mean,	SD)	 13.0	(2.7)	 14.0	(3.3)	 -1.37	 .17	
ALSFRS-R	Score	(mean,	SD)†	 39.1	(6.2)	 	 	 	
Age	of	onset	(mean,	SD)	years††	 60.2	(12.3)	 	 	 	
Disease	duration	(median,	IQR)	
months†	
24	(18)	 	 	 	
Site	of	onset	 	 	 	 	
Bulbar	 16.7%	(N=5)	 	 	 	

































































	 ALS	Patient	 Control	 t/U-value	 Patient	vs	
Control	p-
value	
DAS		(self-rated)	 		 		 	 	
	 	 Executive	 5.6	(5.3)	 6.5	(2.8)	 U	=	332	 .24	
	 	 Emotional	 8.6	(3.9)	 7.5	(3.4)	 1.25	 .24	
	 	 Initiation	 12.9	(5.3)	 9.2	(2.5)	 3.38	 .01	
DAS		(informant/carer-rated)	 	 		 	 	
	 	 Executive	 5.9	(5.1)	 3.0	(2.3)	 U	=	560.5	 .22	
	 	 Emotional	 10.0	(3.5)	 7.5	(4.3)	 2.49	 .08	
	 	 Initiation	 13.6	(6.0)	 7.9	(3.9)	 U	=	675.5	 .002	
AES-Self	(mean,	SD)	 32.3	(10.0)	 27.8	(4.7)	 U	=	560	 .22	
AES-Informant	(mean,	SD)	 33.7	(10.2)	 26.3	(5.7)	 U	=	625.5	 .02	
GDS-15	self-rated	(mean,	SD)	 4.5	(3.3)	 1.8	(1.8)	 U	=	656	 .005	
















Intrinsic	response	generation	 	 	 	 	









	 	 	 	
Like	best	condition	errors	(mean,	SD)	 0.50	(1.28)	 0.00	(0.00)	 U	=	582	 .047	
Look	at	condition	errors	(mean,	SD)	 0.37	(1.38)	 0.17	(0.54)	 U	=	435.5	 1.00	
Ekman	60	faces	test	 	 	 	 	 	 	
Overall	correct	(mean,	SD)	 45.6	(5.7)	 49.1	(5.1)	 -	2.49	 .10	
Intensity	score	(mean,	SD)	‡	 5.2	(0.6)	 5.0	(0.7)	 0.67	 1.00	
PGS	Task	
Planning	shopping	task	
	 	 	 	
Planning	time	seconds	(mean,	SD)	 54.5	(72.0)	 91.9	(91.5)	 U	=	255	 .047	
Planning	Errors	(mean,	SD)	 2.8	(3.4)	 2.0	(3.9)	 U	=	539	 .41	
Goal	management	shopping	task	 	 	 	 	
Grand	mean	deviation	seconds	(mean,	
SD)	
36.5	(20.2)	 23.7	(13.7)	 2.92	 .046	

































Self	DAS	 Initiation	 -	0.51*	 -	0.27	 -	0.08	 -	0.37	 				0.16	
Emotional	 -	0.33	 -	0.53*	 					0.02	 -	0.47	 				0.15	
Executive	 -	0.33	 -	0.21	 -	0.02	 -	0.28	 				0.09	
	 	 	 	 	 	 	
Informant/carer	
DAS	
Initiation	 -	0.45*	 -	0.37	 				0.01	 -	0.31	 				0.13	
Emotional	 -	0.33	 -	0.15	 				0.08	 -	0.45	 				0.26	














































































































found	no	such	association	with	any	of	the	apathy	subtypes,	which	could	be	due	to	the	low	prevalence	of	isolated	Emotional	apathy	impairment	in	patients	(N	=	3).				 	 	 	This	study	used	a	novel	PGS	task	to	assess	planning	and	goal	management,	which	was	designed	on	the	basis	of	well-established	methodology	of	the	Behavioural	Assessment	of	Dysexecutive	Syndrome	-	Zoo	Map	and	Modified	Six	Elements	subtest	(Norris	&	Tate,	2000).	The	task	was	designed	to	improve	ecological	validity	by	utilising	an	errand	that	many	individuals	have	an	experience	with	i.e.	shopping.	Also,	the	Shopping	task	utilised	calculation	of	outcome	specifically	designed	to	take	in	to	account	motor	disability,	but	still	measuring	effectively	participants’	ability	to	manage	time	and	plan.	This	task	showed	that	patients	differed	from	controls	in	time	management	ability,	however	there	were	no	associations	between	Executive	apathy	and	either	of	these	domains.	In	this	study	there	was	no	overall	evidence	of	isolated	executive	apathy.	It	may	be	interesting	to	investigate	neurodegenerative	diseases	where	Executive	apathy	is	one	of	the	more	defining	deficits	such	as	in	Parkinson’s	disease	(Radakovic	et	al.,	2017),	which	might	show	more	impairment	on	these	planning	and	goal	management	executive	functioning	tasks.		With	the	availability	of	the	new	proposed	diagnostic	criteria	for	ALS-FTSD	(Strong	et	al.,	2017),	we	found	that	69%	of	our	ALS	patients	showed	cognitive	and/or	behavioural	impairment.	The	Axis	II	of	these	diagnostic	criteria	has	specified	that	the	presence	of	apathy	is	a	key	feature	of	the	diagnosis	of	ALS	with	behavioural	impairment,	similarly	so	the	verbal	fluency	deficit	is	a	key	feature	of	diagnosis	of	ALS	with	cognitive	impairment.	This	places	emphasis	on	in	depth	assessments	provided	by	the	Dimensional	Apathy	Scale,	to	explore	the	complexities	of	behavioural	and	cognitive	impairment	both	in	ALS	and	other	neurodegenerative	diseases.	Our	findings	therefore	provide	evidence	of	the	importance	of	stratification	of	apathy	as	a	syndrome,	and	associations	with	cognitive	impairment.	Furthermore,	this	creates	further	implications	for	understanding	the	relationship	of	these	symptoms	in	ALS	with	cognitive	and	behavioural	impairment,	with	further	research	needed	to	understand	how	these	deficits	affect	everyday	life	of	patients	and	their	families.			
	
	
20	
The	limited	sample	size	in	this	study	did	not	allow	for	more	predictive	analysis	to	be	performed	with	regards	to	executive	dysfunction	and	apathy	subtypes.	However,	the	lack	of	association	between	cognitive	task	performance	and	apathy	subtypes	in	controls,	in	addition	to	the	fact	that	patient	performance	was	not	associated	with	depression,	is	supportive	of	the	validity	of	the	findings	linking	apathy	subtypes	to	specific	types	of	executive	and	cognitive	dysfunction.		
5	Conclusions	In	conclusion,	this	study	demonstrated	that	specifically	increased	Initiation	apathy	is	related	to	verbal	fluency	impairment	in	ALS	suggesting	common	underlying	mechanisms.	Emotional	apathy	although	less	typical	of	ALS	may	relate	to	emotional	processing	task	deficits.	Further	research	should	attempt	to	directly	identify	the	underlying	cerebral	mechanisms	of	this	apathy-cognitive	dysfunction	overlap,	through	use	of	imaging	techniques,	and	establish	how	this	develops	throughout	disease	progression.		
Acknowledgements	With	thanks	to	the	MND	Register,	hosted	by	the	Euan	Macdonald	Centre	for	MND	Research	and	funded	by	MND	Scotland.	Thank	you	to	Mr	Robert	Jinman	for	help	in	computerising	and	programming	relating	to	The	Planning	and	Goal-management	
Shopping	(PGS)	task.	We	would	like	to	thank	the	patients	and	controls,	and	their	families,	for	their	participation	in	the	study.			
Funding	This	work	was	supported	by	a	scholarship	from	the	Anne	Rowling	Regenerative	Neurology	Clinic,	Alzheimer	Scotland	Dementia	Research	Centre	and	the	University	of	Edinburgh.		
References	Abrahams,	S.	(2011).	Social	cognition	in	amyotrophic	lateral	sclerosis.	
Neurodegenerative	Disease	Management,	1(5),	397-405.	
	
	
21	
Abrahams,	S.,	Goldstein,	L.	H.,	Simmons,	A.,	Brammer,	M.,	Williams,	S.	C.	R.,	Giampietro,	V.,	&	Leigh,	P.	N.	(2004).	Word	retrieval	in	amyotrophic	lateral	sclerosis:	a	functional	magnetic	resonance	imaging	study.	Brain,	127(7),	1507-1517.	
Abrahams,	S.,	Goldstein,	L.	H.,	Al-Chalabi,	A.,	Pickering,	A.,	Morris,	R.	G.,	Passingham,	R.	E.,	Passingham,	R.	E.,	Brooks,	D.	J.	&	Leigh,	P.	N.	(1997).	Relation	between	cognitive	dysfunction	and	pseudobulbar	palsy	in	amyotrophic	lateral	sclerosis.	Journal	of	
Neurology,	Neurosurgery	&	Psychiatry,	62(5),	464-472.	
Abrahams,	S.,	Leigh,	P.	N.,	Harvey,	A.,	Vythelingum,	G.	N.,	Grise,	D.,	&	Goldstein,	L.	H.	(2000).	Verbal	fluency	and	executive	dysfunction	in	amyotrophic	lateral	sclerosis	(ALS).	Neuropsychologia,	38(6),	734-747.	
Abrahams,	S.,	Newton,	J.,	Niven,	E.,	Foley,	J.,	&	Bak,	T.	H.	(2014).	Screening	for	cognition	and	behaviour	changes	in	ALS.	Amyotrophic	Lateral	Sclerosis	and	Frontotemporal	
Degeneration,	15(1-2),	9-14.	
Baddeley,	A.	D.,	Emslie,	H.,	Kolodny,	J.,	&	Duncan,	J.	(1998).	Random	generation	and	the	central	executive	of	working	memory.	Quarterly	Journal	of	Experimental	Psychology-A,	
51,	819–852.	
Beeldman,	E.,	Raaphorst,	J.,	Twennaar,	M.	K.,	de	Visser,	M.,	Schmand,	B.	A.,	&	de	Haan,	R.	J.	(2016).	The	cognitive	profile	of	ALS:	a	systematic	review	and	meta-analysis	update.	
Journal	of	Neurology,	Neurosurgery	&	Psychiatry,	87,	611–619.	
Bede,	P.,	Elamin,	M.,	Byrne,	S.,	McLaughlin,	R.	L.,	Kenna,	K.,	Vajda,	A.,	Pender,	N.,	Bradley,	D.	G.,	&	Hardiman,	O.	(2013).	Basal	ganglia	involvement	in	amyotrophic	lateral	sclerosis.	
Neurology,	81(24),	2107-2115.	
Brown,	L.	M.,	&	Schinka,	J.	A.	(2005).	Development	and	initial	validation	of	a	15-item	informant	version	of	the	Geriatric	Depression	Scale.	International	Journal	of	Geriatric	
Psychiatry,	20(10),	911-918.	
Caga,	J.,	Turner,	M.	R.,	Hsieh,	S.,	Ahmed,	R.	M.,	Devenney,	E.,	Ramsey,	E.,	Zoing,	M.	C.,	
	
	
22	
Mioshi,	E.	&	Kiernan,	M.	C.	(2016).	Apathy	is	associated	with	poor	prognosis	in	amyotrophic	lateral	sclerosis.	European	journal	of	neurology,	23,	891-897.	
Cavallo,	M.,	Adenzato,	M.,	MacPherson,	S.	E.,	Karwig,	G.,	Enrici,	I.,	&	Abrahams,	S.	(2011).	Evidence	of	social	understanding	impairment	in	patients	with	amyotrophic	lateral	sclerosis.	PLoS	One,	6(10),	e25948-e25948.	
Cedarbaum,	J.	M.,	Stambler,	N.,	Malta,	E.,	Fuller,	C.,	Hilt,	D.,	Thurmond,	B.,	&	Nakanishi,	A.	(1999).	The	ALSFRS-R:	a	revised	ALS	functional	rating	scale	that	incorporates	assessments	of	respiratory	function.	Journal	of	the	Neurological	Sciences,	169(1),	13-21.	
Cerami,	C.,	Dodich,	A.,	Canessa,	N.,	Crespi,	C.,	Iannaccone,	S.,	Corbo,	M.,	Lunetta,	C.,	Consonni,	M.,	Scola,	E.,	Falini,	A.,	&	Cappa,	S.	F.	(2014).	Emotional	empathy	in	amyotrophic	lateral	sclerosis:	a	behavioural	and	voxel-based	morphometry	study.	Amyotrophic	Lateral	Sclerosis	and	Frontotemporal	Degeneration,	15(1-2),	21-29.	
Cuddy,	M.,	Papps,	B.	J.,	Thambisetty,	M.,	Leigh,	P.	N.,	&	Goldstein,	L.	H.	(2012).	Processing	and	memory	for	emotional	and	neutral	material	in	amyotrophic	lateral	sclerosis.	Amyotrophic	Lateral	Sclerosis,	13(6),	592-598.	
Elamin,	M.,	Pender,	N.,	Hardiman,	O.,	&	Abrahams,	S.	(2012).	Social	cognition	in	neurodegenerative	disorders:	a	systematic	review.	Journal	of	Neurology,	Neurosurgery	&	
Psychiatry,	83(11),	1071-1079.	
Evans,	F.	J.	(1978).	Monitoring	attention	deployment	by	random	number	generation:	an	index	to	measure	subjective	randomness.	Bulletin	of	the	Psychonomic	Society,	12,	35–38.	
Gibbons,	Z.	C.,	Snowden,	J.	S.,	Thompson,	J.	C.,	Happe,	F.,	Richardson,	A.,	&	Neary,	D.	(2007).	Inferring	thought	and	action	in	motor	neurone	disease.	Neuropsychologia,	45(6),	1196-1207.	
Gillingham,	S.	M.,	Yunusova,	Y.,	Ganda,	A.,	Rogaeva,	E.,	Black,	S.	E.,	Stuss,	D.	T.,	&	Zinman,	L.	(2017).	Assessing	cognitive	functioning	in	ALS:	A	focus	on	frontal	lobe	processes.	
Amyotrophic	Lateral	Sclerosis	and	Frontotemporal	Degeneration,	18,	182-192.	
	
	
23	
Girardi,	A.,	MacPherson,	S.	E.,	&	Abrahams,	S.	(2011).	Deficits	in	emotional	and	social	cognition	in	amyotrophic	lateral	sclerosis.	Neuropsychology,	25(1),	53-65.	
Goldstein,	L.	H.,	&	Abrahams,	S.	(2013).	Changes	in	cognition	and	behaviour	in	amyotrophic	lateral	sclerosis:	nature	of	impairment	and	implications	for	assessment.	The	Lancet	Neurology,	12(4),	368-380.	
Gordon,	P.	H.,	Goetz,	R.	R.,	Rabkin,	J.	G.,	Dalton,	K.,	Mcelhiney,	M.,	Hays,	A.	P.,	Marder,	K.,	Stern,	Y.,	&	Mitsumoto,	H.	(2010).	A	prospective	cohort	study	of	neuropsychological	test	performance	in	ALS.	Amyotrophic	Lateral	Sclerosis,	11(3),	312-320.	
Grossman,	A.	B.,	Woolley-Levine,	S.,	Bradley,	W.	G.,	&	Miller,	R.	G.	(2007).	Detecting	neurobehavioral	changes	in	amyotrophic	lateral	sclerosis.	Amyotrophic	Lateral	
Sclerosis,	8(1),	56-61.	
Levy,	R.	(2012).	Apathy:	a	pathology	of	goal-directed	behaviour.	A	new	concept	of	the	clinic	and	pathophysiology	of	apathy.	Revue	Neurologique,	168(8),	585-597.	
Levy,	R.,	&	Dubois,	B.	(2006).	Apathy	and	the	functional	anatomy	of	the	prefrontal	cortex–basal	ganglia	circuits.	Cerebral	cortex,	16(7),	916-928.	
Libon,	D.	J.,	McMillan,	C.,	Avants,	B.,	Boller,	A.,	Morgan,	B.,	Burkholder,	L.,	Chandrasekaran,	K.,	Elman,	L.,	McCluskey,	L.,	&	Grossman,	M.	(2012).	Deficits	in	concept	formation	in	amyotrophic	lateral	sclerosis.	Neuropsychology,	26(4),	422.	
Lillo,	P.,	Mioshi,	E.,	Zoing,	M.	C.,	Kiernan,	M.	C.,	&	Hodges,	J.	R.	(2011).	How	common	are	behavioural	changes	in	amyotrophic	lateral	sclerosis?.	Amyotrophic	Lateral	
Sclerosis,	12(1),	45-51.	
Lulé,	D.,	Kurt,	A.,	Jürgens,	R.,	Kassubek,	J.,	Diekmann,	V.,	Kraft,	E.,	Neumann,	N.,	Ludolph,	A.	C.,	Birbaumer,	N.,	&	Anders,	S.	(2005).	Emotional	responding	in	amyotrophic	lateral	sclerosis.	Journal	of	Neurology,	252(12),	1517-1524.	
	
	
24	
Marin,	R.	S.	(1991).	Apathy:	a	neuropsychiatric	syndrome.	The	Journal	of	
Neuropsychiatry	and	Clinical	Neuroscience,	3,	243-254.	
Marin,	R.	S.	(1996).	Apathy:	concept,	syndrome,	neural	mechanisms,	and	treatment.	
Seminars	in	Clinical	Neuropsychiatry,	1,	304-314.	
Marin,	R.	S.	Biedrzycki,	R.	C.,	&	Firinciogullari,	S.	(1991).	Reliability	and	validity	of	the	Apathy	Evaluation	Scale.	Psychiatry	Research,	38(2),	143-162.	
Meier,	S.	L.,	Charleston,	A.	J.,	&	Tippett,	L.	J.	(2010).	Cognitive	and	behavioural	deficits	associated	with	the	orbitomedial	prefrontal	cortex	in	amyotrophic	lateral	sclerosis.	Brain,	133(11),	3444-3457.	
Miyake,	A.,	Friedman,	N.	P.,	Emerson,	M.	J.,	Witzki,	A.	H.,	Howerter,	A.,	&	Wager,	T.	D.	(2000).	The	unity	and	diversity	of	executive	functions	and	their	contributions	to	complex	“frontal	lobe”	tasks:	A	latent	variable	analysis.	Cognitive	psychology,	41(1),	49-100.	
Murphy,	J.,	Factor-Litvak,	P.,	Goetz,	R.,	Lomen-Hoerth,	C.,	Nagy,	P.	L.,	Hupf,	J.,	...	&	Mitsumoto,	H.	(2016).	Cognitive-behavioral	screening	reveals	prevalent	impairment	in	a	large	multicenter	ALS	cohort.	Neurology,	86(9),	813-820.	
Niven,	E.,	Newton,	J.,	Foley,	J.,	Colville,	S.,	Swingler,	R.,	Chandran,	S.,	Bak,	T.	H.,	&	Abrahams,	S.	(2015).	Validation	of	the	Edinburgh	Cognitive	and	Behavioural	Amyotrophic	Lateral	Sclerosis	Screen	(ECAS):	A	cognitive	tool	for	motor	disorders.	Amyotrophic	Lateral	Sclerosis	and	Frontotemporal	Degeneration,	16,	172-179.	
Norris,	G.,	&	Tate,	R.	L.	(2000).	The	behavioural	assessment	of	the	dysexecutive	syndrome	(BADS):	ecological,	concurrent	and	construct	validity.	Neuropsychological	
Rehabilitation,	10,	33-45.	
Papps,	B.,	Abrahams,	S.,	Wicks,	P.,	Leigh,	P.	N.,	&	Goldstein,	L.	H.	(2005).	Changes	in	memory	for	emotional	material	in	amyotrophic	lateral	sclerosis	(ALS).	Neuropsychologia,	43(8),	1107-1114.	
	
	
25	
Pettit,	L.	D.,	Bastin,	M.	E.,	Smith,	C.,	Bak,	T.	H.,	Gillingwater,	T.	H.,	&	Abrahams,	S.	(2013).	Executive	deficits,	not	processing	speed	relates	to	abnormalities	in	distinct	prefrontal	tracts	in	amyotrophic	lateral	sclerosis.	Brain,	136,	3290-3304	
Phukan,	J.,	Elamin,	M.,	Bede,	P.,	Jordan,	N.,	Gallagher,	L.,	Byrne,	S.,	Lynch,	C.,	Pender,	N.,	&	Hardiman,	O.	(2012).	The	syndrome	of	cognitive	impairment	in	amyotrophic	lateral	sclerosis:	a	population-based	study.	Journal	of	Neurology,	Neurosurgery	&	
Psychiatry,	83(1),	102-108.	
Raaphorst,	J.,	De	Visser,	M.,	Linssen,	W.	H.,	De	Haan,	R.	J.,	&	Schmand,	B.	(2010).	The	cognitive	profile	of	amyotrophic	lateral	sclerosis:	a	meta-analysis.	Amyotrophic	Lateral	
Sclerosis,	11(1-2),	27-37.	
Radakovic,	R.,	&	Abrahams,	S.	(2014).	Developing	a	new	apathy	measurement	scale:	Dimensional	Apathy	Scale.	Psychiatry	Research,	219(3),	658-663	
Radakovic,	R.,	Stephenson,	L.,	Colville,	S.,	Swingler,	R.,	Chandran,	S.,	&	Abrahams,	S.	(2016).	Multidimensional	apathy	in	ALS:	validation	of	the	Dimensional	Apathy	Scale.	Journal	of	Neurology,	Neurosurgery	&	Psychiatry,	87,	663-669.	
Radakovic,	R.,	Davenport,	R.,	Starr,	J.	M.,	&	Abrahams,	S.	(2017).	Apathy	dimensions	in	Parkinson’s	disease.	International	Journal	of	Geriatric	Psychiatry.	doi:10.1002/gps.4697	
Santangelo,	G.,	Siciliano,	M.,	Trojano,	L.,	Femiano,	C.,	Monsurrò,	M.,	Tedeschi,	G.,	Trojsi,	F.	(2017).	Apathy	in	Amyotrophic	Lateral	Sclerosis:	insights	from	Dimensional	Apathy	Scale.	Amyotrophic	Lateral	Sclerosis	and	Frontotemporal	Degeneration.	doi:10.1080/21678421.2017.1313865	
Sedda,	A.	(2014).	Disorders	of	emotional	processing	in	amyotrophic	lateral	sclerosis.	Current	Opinion	in	Neurology,	27(6),	659-665.	 	
Strong,	M.	J.,	Abrahams,	S.,	Goldstein,	L.	H.,	Woolley,	S.,	Mclaughlin,	P.,	Snowden,	J.,	Mioshi,	E.,	Roberts-South,	A.,	Benatar,	M.,	HortobáGyi,	T.,	Rosenfeld,	J.,	Silani,	V.,	Ince,	P.	G.,	&	Turner,	M.	R.	(2017).	Amyotrophic	lateral	sclerosis-frontotemporal	spectrum	
	
	
26	
disorder	(ALS-FTSD):	Revised	diagnostic	criteria.	Amyotrophic	Lateral	Sclerosis	and	
Frontotemporal	Degeneration,	18(3-4),	153-174.	
Stuss,	D.	T.	(2011).	Functions	of	the	frontal	lobes:	relation	to	executive	functions.	Journal	
of	the	International	Neuropsychological	Society,	17(5),	759-765.	
Stuss,	D.	T.,	&	Alexander,	M.	P.	(2007).	Is	there	a	dysexecutive	syndrome?.	Philosophical	
Transactions	of	the	Royal	Society	B:	Biological	Sciences,	362(1481),	901-915.	
Stuss,	D.	T.,	Van	Reekum,	R.,	&	Murphy,	K.	J.	(2011).	Differentiation	of	states	and	causes	of	apathy.	In	J.	C.	Borod	(Ed.),	The	Neuropsychology	of	Emotion	(pp.	340–363),	Oxford:	Oxford	University	Press.	
Štukovnik,	V.,	Zidar,	J.,	Podnar,	S.,	&	Repovš,	G.	(2010).	Amyotrophic	lateral	sclerosis	patients	show	executive	impairments	on	standard	neuropsychological	measures	and	an	ecologically	valid	motor-free	test	of	executive	functions.	Journal	of	clinical	and	
experimental	neuropsychology,	32(10),	1095-1109.	
van	der	Hulst,	E.	J.,	Bak,	T.	H.,	&	Abrahams,	S.	(2015).	Impaired	affective	and	cognitive	theory	of	mind	and	behavioural	change	in	amyotrophic	lateral	sclerosis.	Journal	of	
Neurology,	Neurosurgery	&	Psychiatry,	86,	1208-1215.	
Wancata,	J.,	Alexandrowicz,	R.,	Marquart,	B.,	Weiss,	M.,	&	Friedrich,	F.	(2006).	The	criterion	validity	of	the	Geriatric	Depression	Scale:	a	systematic	review.	Acta	
Psychiatrica	Scandinavica,	114(6),	398-410.	
Wechsler,	D.	(2011).	Test	of	Premorbid	Functioning	-	UK	Edition.	London:	Pearson	Assessment.	
Witgert,	M.,	Salamone,	A.	R.,	Strutt,	A.	M.,	Jawaid,	A.,	Massman,	P.	J.,	Bradshaw,	M.,	Mosnik.	D.,	Appel,	S.	H.,	&	Schulz,	P.	E.	(2010).	Frontal-lobe	mediated	behavioral	dysfunction	in	amyotrophic	lateral	sclerosis.	European	Journal	of	Neurology,	17(1),	103-110.	
	
	
27	
Woolley,	S.	C.,	Zhang,	Y.,	Schuff,	N.,	Weiner,	M.	W.,	&	Katz,	J.	S.	(2011).	Neuroanatomical	correlates	of	apathy	in	ALS	using	4	Tesla	diffusion	tensor	MRI.	Amyotrophic	Lateral	
Sclerosis,	12(1),	52-58.	
Yesavage,	J.	A.,	&	Sheikh,	J.	I.	(1986).	Geriatric	Depression	Scale	(GDS)	Recent	Evidence	and	Development	of	a	Shorter	Version.	Clinical	Gerontologist,	5(1-2),	165-173.	
Young,	A.	W.,	Perrett,	D.,	Calder,	A.,	Sprengelmeyer,	R.,	&	Ekman,	P.	(2002).	Facial	
expressions	of	emotions:	stimuli	and	test	(FEEST),	Thames	Valley	Test	Company,	Thurstone,	UK.	
Zimmerman,	E.	K.,	Simmons,	Z.,	&	Barrett,	A.	M.	(2007).	Emotional	perception	deficits	in	amyotrophic	lateral	sclerosis.	Cognitive	and	behavioral	neurology:	official	journal	of	the	
Society	for	Behavioral	and	Cognitive	Neurology,	20(2),	79-82.	
